Philosophy of Treatment
The significance of acute upperextremity injuries in the athlete is often minimized by the athlete, coaches, and treating physicians, leading to inadequate treatment and compromise of long-term outcome. A number of intercurrent factors may have to be addressed when treating acute injuries in athletes. There may be financial implications as well, related to scholarship status for high school and college athletes and related to performance and compensation for professional athletes. In addition, performance expectations by agents, coaches, trainers, teammates, parents, fans, team owners, and the athletes themselves must be considered.
It is often the treating physician's responsibility to educate the athlete about the balance between tissue healing and expected stress on the extremity on return to sport. The athlete, coaches, trainers, and parents must all be made aware of the potential consequences of an early return to sport. At the collegiate and professional levels, return to sport with the use of protective devices may be a necessity, but it should be judiciously approached and should not represent a threat to the athlete's well-being. It is generally unreasonable to apply these concepts to the skeletally immature athlete, and even to the high school athlete, unless real scholarship or professional potential exists. In all cases, the treating physician must consider the best treatment plan for the athlete with regard to his or her injury and future well-being. The timing of return to sport must be a secondary consideration.
Expedited diagnosis is essential to be able to counsel the athlete regarding treatment options and timing of return to sport. A "wait and see" approach before embarking on an extensive workup may be reasonable for the nonathlete, but not for the athlete with a similar injury. For example, most patients thought to have sustained a joint sprain are treated symptomatically and are evaluated further only if symptoms persist. However, this may not be a satisfactory alternative for the competitive athlete, as it is imperative to clearly define the degree of sprain and the potential associated injuries. Therefore, modalities such as magnetic resonance (MR) imaging and bone scanning are frequently used as first-line diagnostic tools and as an important adjunct to physical examination and plain radiography.
Once the diagnosis has been established, medical management and therapeutic intervention are typically more aggressive for the athlete than for the nonathlete. If the injury is not disabling, the physician will often work with the athlete to develop a treatment plan that may allow postponement of more definitive (potentially surgical) options until after the season. This approach frequently employs the short-term use of nonsteroidal anti-inflammatory medications combined with appropriate splinting and taping for the in-season athlete.
Decisions regarding return to sport with protective devices or taping are often not only sport-specific but position-specific as well. An athlete with a scaphoid fracture may be capable of returning to football in a thumb spica cast but would be incapable of returning to club sports, such as golf and baseball. Similarly, an athlete with a metacarpal fracture immobilized in a gutter cast would be capable of returning to football as a lineman but would likely be incapable of playing as a quarterback, running back, or receiver.
Rehabilitation is an important consideration in acute hand and wrist injuries in athletes. The rehabilitation process is often supervised by athletic trainers and coaches, and communication with the treating physician is critically important. Rehabilitation has been divided into five phases (Table 1) , each with specific activities and goals. 1 Rehabilitation goals include decreasing pain, minimizing the inflammatory response, reducing edema, increasing range of motion (ROM) and strength, improving general conditioning, and maximizing muscle control, coordination, and sport-specific skills so as to allow a safe return to competition.
Once the athlete has progressed to the point of return to full practice or competition, the need for continued use of protective devices must (6) demands of the sport and position played, and (7) the psychological effect of the injury on the athlete. 2 Appropriate protective modalities can range from taping or splinting to padded casts or playing casts made of silicone rubber. The regulations that govern the types of protective equipment that may be used during competition in both contact and noncontact sports typically allow more latitude for noncontact sports. In contact sports, the regulations and equipment specifications vary with the type of sport, the age of the participants, and the level of competition, but ultimately it is the official or referee of the specific event who makes the final decision regarding the acceptability of a given piece of protective equipment. Some compromise between the regulations and the needs of the athlete may be necessary, but the overriding consideration must be to protect the injured athlete without posing a threat of injury to other players.
Injuries to the Ulnar Collateral Ligament of the Thumb Metacarpophalangeal Joint
Injuries to the ulnar collateral ligament of the thumb metacarpophalangeal (MCP) joint are common in contact sports as well as in skiing.
The athlete typically presents after sustaining hyperabduction and radial deviation stress to the thumb MCP joint. This often occurs after a fall while skiing, with stress to the MCP joint resulting from the ski pole or the thumb being planted into the snow.
Diagnosis
Swelling and, in most cases, ecchymosis about the thumb MCP joint are observed on physical examination. There is also tenderness to palpation above the ulnar collateral ligament, frequently at its insertion into the base of the proximal phalanx.
The diagnosis of injury to the ulnar collateral ligament of the thumb is not difficult, but determining the presence or absence of a Stener lesion is of paramount importance to subsequent treatment. A Stener lesion occurs when the ulnar collateral ligament detaches from the base of the proximal phalanx and is transposed dorsal to the adductor aponeurosis (Fig. 1) . The ligament is unable to heal appropriately to the base of the proximal phalanx due to the interposition of the adductor aponeurosis and requires surgical reattachment.
Patients with a suspected ulnar collateral ligament injury should undergo radiographic evaluation before stressing the joint, to rule out an associated fracture and prevent displacement of a nondisplaced fracture. If the athlete is seen before development of excessive swelling, a lump may be palpable on the ulnar aspect of the joint, representing the displaced ulnar collateral ligament of a Stener lesion. 3 This clinical finding is not often evident, and its absence does not rule out a Stener lesion.
If a fracture has been ruled out, stress views of the thumb should be obtained. For these views, the thumb MCP joint is stressed in a radial direction, in both 30 degrees of flexion and full extension. If the joint opens to more than 30 degrees (or 15 degrees more than on the noninjured side) on both flexion and extension views, it is likely that the athlete has a complete rupture of the collateral ligament. A Stener lesion is present more than 80% of the time. 4 If there is laxity of the ligament in flexion but no laxity in extension on stress views, the accessory collateral ligament probably remains 6 Stener lesions are best repaired acutely, but primary repair can be delayed as long as 3 to 4 weeks after injury. After this time, the ligament becomes atrophic and scarred, precluding repair and necessitating ligament reconstruction or MCP joint arthrodesis. The physician should have a low threshold for surgical exploration in patients in whom a Stener lesion is suspected, because the long-term outcome of an untreated Stener lesion can be poor.
Nondisplaced avulsion fractures of the base of the proximal phalanx and clinically and radiographically stable injuries of the ulnar collateral ligament may be treated in a shortarm thumb spica cast with the interphalangeal joint left free. The thumb should be immobilized for 4 weeks, followed by protective immobilization in a removable thermoplastic hand-based thumb spica splint and initiation of an ROM program for the wrist and thumb. Once full ROM has been obtained, strengthening and sport-specific training can be initiated. Return to competition should be guided by the demands of the sport and the ability of the athlete to perform with appropriate splinting or taping to protect the ulnar collateral ligament.
In patients with displaced fractures of the proximal phalanx or Stener lesions, rigid fixation of large bone fragments can be achieved with tension-band wiring or a 1.5-mm interfragmentary screw. If there are small fracture fragments, excision of the fragment with reattachment of the ulnar collateral ligament to the base of the proximal phalanx is indicated.
Postoperative care requires immobilization for 3 to 4 weeks followed by protective splinting and rehabilitation. Scar management and desensitization activities may be necessary.
Return to Sport
Competitive athletes who require an early return to sport should wear a well-padded thumb spica gauntlet cast at all times for the first 4 weeks after injury or repair. After that period, the athlete involved in a highcontact sport, such as football, should use a protective thermoplastic splint during competition and practice for an additional 2 weeks. The thumb can be left unprotected at other times to permit ROM and resistive exercises. An athlete returning to a less aggressive sport or one with minimal to low upper-extremity requirements may return to sport participation with a thermoplastic short opponens splint while an ROM program is initiated. Beginning 6 weeks after injury, and continuing for another 6 weeks, the athlete involved in a high-contact or aggressive upper-extremity sport should use rigid taping of the MCP joint of the thumb during games and practice.
Proximal Interphalangeal Joint Injuries
Injuries to the proximal interphalangeal (PIP) joint, especially volarplate injuries and dorsal dislocations (jammed fingers), are very common in athletes, particularly those who participate in contact sports involving the catching or hitting of a ball, such as basketball, football, and volleyball. Initial treatment, consisting of reduction of the gross deformity due to dislocation, fracture, or fracturedislocation, is usually performed on the field by the athlete or trainer. To prevent long-term sequelae, such as limited ROM or joint instability, the evaluation and treatment of these seemingly benign injuries should not be minimized.
The athlete will generally report jamming or catching the finger while blocking a fall or catching or tapping a ball, thereby sustaining a hyperextension and angular injury to the PIP joint. The athlete may present with injuries to the volar plate and collateral ligaments without fracture (i.e., a sprain) or may have associated fractures of the volar lip of the middle phalanx (avulsion fracture) with or without dislocation. Stability is increasingly compromised with larger articular fractures and displacement. A high index of suspicion for a constellation of injuries to the PIP joint must be maintained by the examining physician, particularly if the PIP joint injury was reduced on the field by a coach or trainer. Therefore, even if the athlete presents with normal alignment, careful clinical and radiographic examination must be undertaken to clearly establish the extent of the injury to the ligaments and bones.
Diagnosis
An understanding of the anatomy of the PIP joint is imperative if one is to successfully arrive at a diagnosis and make recommendations for treatment and rehabilitation. The PIP joint can be thought of as a box bordered distally by the articular surface of the middle phalanx and proximally by the articular surface of the proximal phalanx. The radial and ulnar borders are formed by the proper and accessory collateral liga-ments; the volar floor, by the volar plate; and the dorsal roof, by the dorsal capsule (Fig. 2) . The PIP joint should be palpated for tenderness along the volar plate and collateral ligaments. Generally, one of the collateral ligaments is injured in conjunction with a volar plate injury. Radiography (preferably fluoroscopy) should be performed to identify any associated fractures and to assess the stability of the volar plate and the collateral ligaments.
Stable injuries are soft-tissue injuries without a fracture or subluxation. They may be due to sprains of the collateral ligaments or volar plate with or without a small avulsion fracture. Stable injuries generally involve fractures of no more than 20% of the joint surface.
Unstable injuries will present with dorsal subluxation of the middle phalanx on the proximal phalanx on a lateral radiograph. Stability should be ascertained by stressing the ulnar and radial collateral ligaments as well as the volar plate, preferably under fluoroscopy. Unstable injuries may not manifest themselves with PIP joint flexion, as the joint will be reduced. These injuries should be tested in extension under fluoroscopy to note the degree of flexion at which subluxation occurs. Protective splinting with a dorsal extensionblock splint can then be performed.
Treatment
The treatment of PIP joint injuries is dictated by stability. Stable injuries are treated symptomatically and can be managed by buddy taping the injured digit to the noninjured digit adjacent to the compromised collateral ligament. Buddy taping should continue for 6 weeks. Augmentation of buddy taping or the use of protective splints should be used during practice and competition.
Unstable injuries are usually associated with an intra-articular fracture of the middle phalanx affecting more than 20% of the joint surface. It must be cautioned, however, that even tiny volar avulsion fractures may be associated with dorsal subluxation of the middle phalanx on the proximal phalanx and may therefore be unstable. This is best assessed with fluoroscopy where the point of reduction can be ascertained by sequential flexion of the PIP joint. Unstable injuries should be treated by dorsal extension-block splinting ( Fig. 3) with initial flexion at the point where reduction is obtained. Incremental extension of the splint and digit is done on a weekly basis for 4 weeks or until full extension has been obtained. Buddy taping is continued for 3 months during sports activities. If reduction cannot be obtained or held by closed means, surgical intervention may be necessary. This may involve open reduction and internal fixation of large intra-articular fragments, closed reduction, percutaneous pinning, use of external dynamic devices, or volar-plate arthroplasty.
Volar dislocations of the PIP joint are uncommon and generally present as a complex dislocation. Reduction is typically obtained by surgical means. These dislocations are frequently associated with an injury to the central slip of the extensor mechanism and should be treated like a boutonniere injury.
Rehabilitation and Return to Sport
It is imperative to initiate early active and passive ROM within the constraints of the extension-block splint to minimize scar adhesion formation and subsequent PIP joint 
Metacarpal and Phalangeal Fractures
Metacarpal neck and shaft fractures and phalangeal fractures are common injuries seen most frequently in contact sports such as football, the martial arts, and basketball. 7 The mechanism of injury can be a fall onto a clenched fist while holding a ball or a direct blow on a helmet, which usually results in a transverse shaft or neck fracture. Torsional injuries, such as may occur from a fall onto an open hand or a direct twisting motion in wrestling, will result in an oblique or spiral fracture. Phalangeal fractures may be associated with tendon injuries, such as mallet and boutonniere injuries.
Fracture stability is dependent on the fracture type and location and the degree of energy imparted to the fracture. An understanding of the associated anatomy, particularly the relationship of the interosseous muscles and the transverse metacarpal ligament, is necessary when selecting from the various treatment options. Due to the volar pull of the interosseous muscles, with most unstable metacarpal shaft and neck fractures, the affected bone will tend to angulate with the apex directed dorsally. Likewise, due to the effect of the extensor mechanism and dorsal translation of the lateral bands, a fractured proximal phalanx will tend to angulate with the apex directed volarly. Because of the influence of the flexor superficialis insertion into the middle phalanx, a proximal fracture of a middle phalanx will involve angulation with the apex dorsal, and a distal fracture will involve angulation with the apex volar (Fig. 4) . Fractures of the distal phalanx that lie between the points of extensor insertion and flexor insertion, as well as physeal fractures, will frequently be unstable due to the opposing forces of the two tendons. The transverse metacarpal ligament may help to maintain length in oblique fractures of the ring and long fingers.
Diagnosis
Most athletes present within 48 hours, although there may be a delay of as long as a few weeks. Metacarpal and phalangeal fractures frequently present with clinically evident malangulation and malrotation, which must be corrected. Swelling, ecchymosis, and gross deformity are common.
Important
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Treatment and Return to Sport
Proximal and middle diaphyseal fractures that are nondisplaced at presentation may remain stable enough to be treated by buddy taping to the adjacent digit to prevent malrotation, as well as by cast or splint immobilization. These fractures must be followed closely on a weekly basis until healing so that early intervention can be undertaken if displacement occurs. Because of the previously described deforming forces, 8 fractures that initially present as displaced but are successfully reduced are unlikely to remain reduced without augmented percutaneous pinning, percutaneous screw fixation, or open reduction and internal fixation.
Periarticular fractures are common in the pediatric and adolescent population. Malrotation and malangulation frequently result, necessitating closed reduction and percutaneous pinning or open reduction and internal fixation.
Distal phalangeal fractures may be treated by splint immobilization, taking care to leave the PIP joint free for ROM exercises. Unstable fractures with angulation and disruption of the nail matrix require reduction and percutaneous pinning and open repair of the nail germinative layer and/or sterile matrix.
Metacarpal neck fractures usually present with some dorsal angulation. Significant angulation can frequently be accepted in the small and ring fingers due to compensatory motion and the actions of the carpometacarpal joints of these digits. Dorsal angulation should be assessed on the basis of the presence or absence of clawing with finger extension. If clawing is present, reduction should be performed. Much less angulation is tolerable in the index and long fingers because of the lack of compensatory motion at the carpometacarpal joint. Malrotation is never acceptable and must be corrected by buddy taping or surgical fixation.
Stable metacarpal neck fractures may be treated by gutter (radial or ulnar) cast immobilization with the interphalangeal joints left free for 4 weeks. Protective splinting in a handbased thermoplastic gutter splint and an ROM program are initiated at 4 weeks. The splint can be discontinued at 6 weeks. Strengthening is begun once full ROM has been achieved.
Unstable metacarpal fractures are treated with closed reduction and percutaneous pinning or open reduction and internal fixation. These fractures must be protected by cast immobilization or protective splinting, depending on the amount of intraoperative stability obtained. Treatment should be geared to providing fixation that is as rigid as possible while minimizing soft-tissue dissection, to allow early ROM. In general, unstable metacarpal fractures in the athlete are best treated by plate fixation to allow both early ROM and early return to sport with a semirigid brace. Most athletes can return to sports participation in a semirigid cast or splint within 2 weeks, but should not play unprotected until osseous union has occurred (6 to 10 weeks).
In some instances, metacarpal shaft fractures may present as stable fractures (no rotational malalignment or displacement, dorsal angulation greater than 10 degrees in the index and long finger or 30 degrees in the small and ring finger, and less than 5 mm of shortening). 9 If a ring or long finger has an oblique fracture without malrotation or malangulation, length may be maintained due to the anatomy of the transverse metacarpal ligaments.
Nondisplaced fractures may be treated by cast immobilization, usually with a radial or ulnar gutter cast. If an athlete is able to compete in this type of a cast (e.g., a football lineman, hockey player, or soccer player), a return to sport may be allowed in a well-padded cast. It must be emphasized, however, to the athlete, coach, and family that this may compromise treatment, and weekly radiographic follow-up for the first 4 weeks is imperative to be sure that no displacement has occurred. Operative management may be needed if displacement occurs.
Recent studies have recommended the use of cast bracing or a glove cast and early ROM for metacarpal fractures. [10] [11] [12] With the use of a glove cast, immediate ROM of the wrist and MCP joints can be instituted with return to limited sports activity in 2 weeks and full sports activity in 4 weeks. In the study by Toronto et al, 10 all athletes demonstrated healing within 5 weeks without evidence of shortening, displacement, additional angulation, rotational deformity, or instability. There were no reinjuries during the treatment period.
In general, in cases of injuries treated with internal fixation, the athlete, parents, and coach should be counseled that returning too early to aggressive sports activity, even with cast immobilization, may result in loss of fixation, reoperation, and a poor result. Therefore, the potential for play under these circumstances should be reserved for the professional or elite athlete. If the athlete returns to sport in a playing cast, a thermoplastic splint should be used when he or she is not involved in sports activities to allow early active ROM and progression to passive ROM and strengthening.
Scaphoid Fractures
The scaphoid is the most commonly injured carpal bone. Scaphoid fractures constitute about three quarters of all carpal fractures and are very common athletic injuries, second only to distal radius fractures as the most common wrist fractures.
Scaphoid fractures in athletes most commonly occur in football players and are due to a fall on an outstretched hand that causes hyperextension of the wrist. These injuries are frequently "misdiagnosed" by the athlete, trainer, and coach as a wrist sprain. A high index of suspicion must be maintained for athletes complaining of dorsal radial wrist pain after a fall on the field. Appropriate diagnosis and early management is imperative because a delay may result in a decreased rate of healing and an increased time to healing. These fractures present a serious problem for the competitive or career athlete due to the potential for significant loss of time from sports participation.
Diagnosis
The athlete with a scaphoid fracture presents with loss of motion, swelling, and pain over the dorsalradial and radial-volar aspects of the wrist. Tenderness can typically be elicited by palpation over the volar scaphoid tubercle at the scaphotrapezial joint as well as in the anatomic snuffbox.
Radiographs are essential to the diagnosis. These should include anteroposterior (AP), oblique, and lateral views, as well as an AP view in full ulnar deviation. With ulnar deviation, the scaphoid will assume an extended position, minimizing bone overlap radiographically. If there is a clinical presentation of a scaphoid fracture but the initial radiographs appear normal, the hand should be immobilized in a thumb spica splint and reexamined radiographically in 2 weeks.
Treatment of the elite athlete frequently requires immediate diagnosis (within 48 hours of the injury) to minimize "downtime." This may be accomplished by use of technetium bone scanning. 13 However, MR imaging is currently the preferred diagnostic modality. It is extremely sensitive in demonstrating the presence or absence of a scaphoid fracture and therefore facilitates decision making regarding safe return to sport.
Treatment
Because of the extended time for healing and the potential for malunion, scaphoid fractures pose a serious threat to career athletes and highly competitive high school and collegiate athletes. Therefore, treatment recommendations for scaphoid fractures in the athlete may differ from those for the nonathlete. The options must be carefully discussed with athletes and their families with regard to risk-benefit ratios and concerns about the long-term outcome.
The definition of stability of a scaphoid fracture is an important (albeit controversial) concept, as treatment is dependent on stability. Use of strict criteria for stability is advised when considering the management of nondisplaced fractures with no associated angulation of the scaphoid and no associated evidence of carpal instability. Acute stable fractures of the scaphoid may be treated in a short arm cast with a thumb spica extension in slight radial deviation and palmar flexion to relax the effect of the radioscaphocapitate ligament on the scaphoid. Healing rates of 90% to 100% may be expected within 8 to 12 weeks.
Haddad and Goddard 14 reported on the use of percutaneous internal fixation of nondisplaced fractures to allow early return to sport and an increased rate of healing. In that study, 50 patients demonstrated fracture healing at an average of 55 days. Return to sport with use of a playing cast was allowed within 2 weeks. Early mobilization was accomplished. Internal fixation has also been performed percutaneously with or without arthroscopic assistance. 15 A playing cast must still be used until healing has been confirmed by computed tomography (CT) (generally in 4 to 6 weeks).
Unstable fractures include those with more than 1 mm of displacement, malangulation, or associated carpal instability. Such fractures have an increased incidence of nonunion or malunion associated with carpal instability and should therefore be treated by reduction and internal fixation. In some cases, this can be performed with arthroscopic or fluoroscopic guidance. If there is associated comminution, bone grafting is advised. If there is a large amount of comminution with bone loss, corticocancellous bone graft is necessary to restore the normal alignment of the scaphoid. The duration of postoperative splinting is dependent on the degree of stability obtained intraoperatively.
Return to Sport
Riester et al 16 reported on the use of a playing cast by football players with initially stable fractures to allow an earlier return to sport. They found that 10 of 11 middlethird scaphoid fractures went on to union, but that 2 of 3 proximal-third fractures went on to nonunion. The authors concluded that this method of immobilization is effective for competitors, but recommended that the potential risks of delayed union or nonunion with the use of a playing cast be reviewed at length with the athlete, parents, and coach.
For athletes with initially unstable fractures, decisions regarding return to sport should be based on assessment of postoperative stability. Unprotected return to sport should be allowed only when motion has returned to normal and full healing of the scaphoid has been established by both clinical and radiologic evaluation. Due to the large amount of bone overlap of the scaphoid, determination of healing by plain-radiographic evaluation alone is difficult; CT may be necessary.
Hamate Hook Fractures
Although hamate hook fractures constitute only 2% of all carpal fractures, they are considered to be almost "endemic" injuries in certain sports, such as golf, baseball, and hockey. The fracture occurs in the hand that grips the base of the club, bat, or stick, usually during a check swing in baseball or when grounding the club in golf. These injuries may be difficult to diagnose and have a strong impact on the performance of the athlete. 17 
Diagnosis
The athlete usually presents with vague complaints of discomfort along the volar ulnar aspect of the hand and sometimes in the forearm, particularly when attempting a tight grip. The duration of symptoms may be prolonged, and in many instances the athlete will have already seen several physicians without a diagnosis.
The physical examination may demonstrate callus or skin changes overlying the area of the hamate hook caused by repeated trauma by the club (Fig. 6) . Range of motion of the wrist and hand will generally be full, although there may be pain with resisted flexion of the ring and small fingers as well as an overall decrease in grip strength. There will be pain on palpation over the hamate hook, which will duplicate the symptoms the athlete experiences during sports participation. In chronic cases, there may be dysesthesias in the ulnar nerve distribution and at times rupture of the flexor profundus to the ring finger.
Because of carpal overlap, conventional radiography frequently does not reveal a fracture of the hamate hook, although a carpal tunnel view may do so. Bone scanning may be sensitive enough to visualize a hamate hook fracture not appreciable with other imaging modalities, but CT will consistently demonstrate a fracture. Therefore, if there is a high index of suspicion, a bone scan is not necessary, and the physician can proceed directly to CT if the carpal tunnel view is negative (Fig. 7) .
Treatment
There have been reports of successful treatment of hamate hook fractures by cast immobilization alone. 18 However, it is difficult to achieve healing with closed treatment because of the multiple intrinsic forces on the hamate hook (Fig. 8) .
Open reduction and internal fixation of the hamate hook has had variable results. 19 This treatment is not recommended for athletes because of the mass effect of the internal fixation and the potential for nonunion. Excision of the hamate hook is the treatment of choice. This should be performed with loupe magnification, and the motor branch of the ulnar nerve should be identified and retracted before excision of the hamate hook to prevent damage. The entire hook must be excised to the level of the fracture; otherwise, symptoms will continue. 
Rehabilitation and Return to Sport
Use of a removable splint should be started 1 week postoperatively. Return to sports activity is symptomdependent. The palmar incision is sensitive for at least 4 to 6 weeks; early intervention with scar management and desensitization is helpful in achieving a pain-free incision and return to sport. Range-of-motion and progressive strengthening exercises can be begun immediately. On return to sport (usually at 4 to 6 weeks), the athlete may use a glove with a doughnut-shaped pad over the area of the incision until scar tenderness has resolved. Competitive return to club sports may require 6 to 8 weeks after excision.
Distal Radius Fractures
Distal radius fractures are very common injuries in athletes, particularly in skating and football. The severity of the fracture is sport-specific. Athletes who participate in high-contact sports, such as equestrian events, auto racing, and football, typically present with high-impact intraarticular and comminuted fractures that frequently involve the distal radioulnar joint. Athletes involved in low-impact sports, such as tennis and track and field events, often present with minimally displaced fractures.
Given the position of the distal radius between the hand and the forearm, the most common mechanism of injury is a fall onto the outstretched hand with hyperextension impacting the distal radius. This may include a ligamentous injury to the distal radioulnar joint if there has been a rotational component to a planted hyperextended wrist.
Diagnosis
The athlete will present with pain, swelling, and ecchymosis about the wrist. Examination of the distal radioulnar joint may reveal a positive ballottement sign, indicating instability. Radiographic examination should include AP, lateral, and oblique views of the wrist to ascertain the degree of displacement, shortening, or intra-articular step-off. 20 A CT scan may be needed to better visualize an intra-articular
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Treatment
The goal of treatment is to correct and maintain radial inclination, volar tilt, length, and congruity of the distal radius articulations. Stable nonarticular distal radius fractures may be treated in a short arm cast. Nondisplaced intra-articular fractures with or without involvement of the distal radioulnar joint should be treated in a long arm cast with a thumb spica extension if there is radial styloid involvement. Fractures that demonstrate loss of radial inclination, a dorsal tilt greater than 20 degrees, or an articular step-off greater than 2 mm should be reduced. Percutaneous pinning or open reduction and internal fixation is usually required. Radial shortening (by more than 5 mm) must be corrected to prevent ulnar impaction. Severely comminuted fractures may require bone grafting. 21 Increased healing rates and decreased time to healing have been reported with the use of ultrasonic bone stimulation. 11 Electrical stimulation may also be efficacious, but compliance is often an issue because of the length of the time commitment for therapy (12 hours for electrical stimulation, compared with 20 minutes for ultrasonic therapy).
Rehabilitation and Return to Sport
Cast immobilization is usually required for 4 to 6 weeks and is followed by protective splinting in a volar wrist splint and ROM and strengthening exercises. Fractures managed by early rigid internal fixation should be protected with a removable splint, and immediate active and gentle active-assisted ROM should be started to maximize motion and minimize scar adhesion formation.
Return to sport is dictated by the degree of fracture stability and the sport and playing position of the athlete. A football lineman may be able to return early in a well-padded short arm cast, whereas a baseball catcher would be unable to compete until fracture healing and return of motion and strength have occurred.
The athlete who returns to sport early in the course of fracture treatment must be closely monitored radiographically so that any displacement or shortening can be managed in a timely manner.
Gymnast's Wrist and Other Pediatric Sports Injuries
It is extremely rare that recommendations other than withdrawal from sport are made to the skeletally immature athlete with a significant hand or wrist injury. Few young athletes are of elite or professional caliber; therefore, any potential compromise in treatment is unwarranted. However, gymnastics is a special case in that most of the competitive, elite, and near-professional athletes are skeletally immature and are predominantly female.
Young gymnasts with wrist injuries often present with pain that appears to be exacerbated by repetitive hyperextension of the wrist, particularly during floor exercise and balance beam competition. Plain radiographs frequently appear normal, and the clinical examination demonstrates full ROM of the wrist with pain at or distal to the radial physis. A high index of suspicion should be maintained for nondisplaced physeal injuries of the distal radius. Technetium bone scanning and MR imaging are useful in determining the presence and the extent of injury to the radial physis and therefore in making recommendations regarding sports participation.
If a physeal injury is suspected, the athlete should generally be withdrawn from the sport and treated until symptoms are alleviated. Return to sport should not be allowed until wrist pain has resolved and motion has been regained. In the elite athlete, soft hyperextension splints may be utilized to eliminate symptoms. Exclusion of specific gymnastic events that exacerbate the symptoms, such as floor exercise and balance beam, may minimize injury to the wrist and allow the athlete to continue competition in other events, such as the uneven bars or vaulting (with use of a hyperextension block splint). It must be emphasized to parents and coaches that continued participation in the sport by an athlete with a suspected physeal injury may result in growth arrest and future problems about the wrist. The treating physician must also have an understanding of the psychological impact of sports competition on the adolescent athlete and must not overtreat a patient with negative findings who may be presenting factitiously in the hope of gracefully withdrawing from the sport without displeasing the parent or coach.
Summary
This has not been, nor was it ever intended to be, a complete review of the principles of management of common hand and wrist injuries in the athlete. Many other athletic problems, such as wrist ligamentous injuries, flexor and extensor injuries, complex dislocations, and extensive pediatric injuries, have not been addressed. However, it is clear that the management of injuries in the elite athlete entails variations of the treatment and rehabilitation used for the nonathlete. These variations must be kept in perspective with regard to the level of play, and compromise of care must never be condoned.
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